The enzyme y-glutamyltransferase (GGT, EC 2.3.2.2) may be separated into isoenzyme forms by electrophoresis and the isoenzymes demonstrated by staining or fluorescence.' Such separation may be helpful in the investigation of liver disease. Most staining and fluorescent procedures hitherto described have used y-glutamyl-«-naphthylamide or y-glutamyl-[3-naphthylamide as substrate, with fluorescent visualisation of the liberated naphthylamine or its diazonium coupling. A major disadvantage of these procedures, however, is that naphthylamides and many diazonium salts are carcinogenic.
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One of us 2 has previously described a sensitive fluorescent procedure, using N-y-L-glutamyl-5amino-iso-phthalic acid dimethyl ester as substrate, capable of clearly demonstrating GGT isoenzymes in serum with total GGT activity as low as 15 VII at 30°C, using a method with an upper reference limit of 40 V /1 for males and 25 V II for females.P Though this substrate is not thought to be carcinogenic and is readily synthetised.f it is not commercially available. We describe here a new fluorescent procedure for GGT isoenzyme demonstration of even greater sensitivity using y-glutamyl-7-amino-4-methyl coumarin (GG-AMC), a commercially available (Uniscience, Cambridge, VK) non-earcinogen recently employed for total GGT determination," We have used the method to demonstrate GGT isoenzymes separated on cellulose acetate membranes, but it is applicable to any suitable separation medium. Clin Biochem 1981; 18: 25-27 A new fluorescence method for gamma-glutamyltransferase isoenzyme demonstration S B RDSALKI, E NEMESA.NSZKY, AND A Y FDD From the Department of Chemical Pathology, Royal Free Hospital, London NW3 SUMMARY A new fluorescence method for demonstrating y-glutamyltransferase isoenzymes using y glutamyl-7-amino-4-methyl coumarin, a commercially available, non-carcinogenic substrate is described. The procedure can readily detect y-glutamyltransferase isoenzymes in samples with total activity as low as 5 U/1 at 30°C.
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(Beckman Instruments Inc, Fullerton, California, VSA) and Beckman cellulose acetate membranes. Membranes are soaked in tris-barbital-sodium barbital buffer (Gelman high resolution buffer, pH 8'8, fl 0,06, Gelman Instrument Company, Ann Arbor, Michigan, VSA), and the same buffer is used in the tank compartments. For samples with GGT activity up to 100 V II at 30°C, 1 fll (four applications) of sample is applied towards the cathode end of the strip. With samples of higher activity the volume is correspondingly reduced or the sample is suitably diluted in heat-inactivated (65°C for 30 minutes) serum. Water or saline dilution is unsuitable for it alters the electrophoretic mobility of the separated isoenzymes. Electrophoresis is carried out at 4°C using a constant voltage of 250V for 45 minutes. During this time enzyme substrate is freshly prepared by adding 0·2 ml of a stock 10 rnrnolrl substrate (made by suspending with sonication or shaking 3 mg of GG-AMC per ml of methoxyethanol, and stable for at least one week in the dark at 4°C) to 5·0 ml of tris (hydroxymethyl) aminomethane (0'2 mol/l)-glycylglycine (0·1 mol/l) buffer, pH 8·3 at 25°C, containing sucrose 0·4 g/m!. The mixture is warmed to 37°C for 5 minutes, then made up to 10 ml with agar (agar-Noble (Difco) 20 gil distilled water) previously melted and cooled to 56°C. This is rapidly poured into a shallow plastic tray and allowed to gel at room temperature. If required, a blank may be simultaneously prepared by omitting the GG-AMC substrate.
After electrophoretic separation, the cellulose acetate strip is removed from the tank, the ends are trimmed, and the membrane is layered on to the surface of the substrate-gel. Incubation is then Separations are carried out on cellulose acetate carried out in the dark in a moist-chamber for 30 membranes using the Beckman Microzone system minutes at 37°C. After incubation the cellulose 25
Rosalki, Nemesanskzy, and Foo acetate is thoroughly air-dried and viewed under long-wave (365 run) ultraviolet light. GGT isoenzymes appear as narrow, brightly fluorescent bands. Fluorescence remains stable in the dark for at least 48 hours, permitting photography or scanning.
In the absence of substrate, no isoenzyme bands are demonstrable, though with serum, non-specific albumin-located fluorescence may be visible. This is recognisable both by its position and by the appearance of the fluorescence, which, unlike that of the GGT isoenzymes, frequently shows a pink or orange tint. The final concentrations of substrate (GO-AMC), acceptor (glycylglycine), tris, and sucrose are respectively 0,2, 50, and 100 mmolj] and 200 gIl (584 rnmol/l), Individual variation of substrate concentration between 0·05 and 0·4 mrnol/l, of glycylglycine between 25 and 250 mmol/l, of sucrose between 50 and 200 gIl (146-584 mmolfl), of incubation time between 15 and 60 minutes, and of pH between 7·8 and 9'3, with the other parameters constant as in the final method, demonstrated the chosen conditions to yield maximal compact fluorescence of serum GGT isoenzyme bands as judged-visually.
Results and conclusions
In normal serum (32 specimens examined), GGT isoenzyme bands are demonstrable at the leading edge of the tX1-globulin and at the front of the tX2-globulin bands. Approximately one-third of such samples show a generally faint third band at the trailing edge of the tXt-globulin. In the majority of normal sera, the tX 2-band is the most prominent. In serum from patients with liver disease, the activity of the more anodic oct-band is generally increased, and an additional band of (3-globulin mobility is frequent. A band of pre-albumin mobility is sometimes also detectable. A typical separation of serum specimens from healthy subjects is shown in the Figure. Quantitation of GOT isoenzyme fluorescence using a Corning densitometer model 720 (Corning Medical, Medfield, Massachusetts, USA) demonstrated a linear relationship between isoenzyme activity and fluorescence, with samples of total GOT activity up to 100 UII, and activity of individual fractions up to 60 U II. Method precision was examined using two samples of total activity 45 UII and 100 UII respectively, each showing two Anode GGT isoenzymes in the serum of healthy subjects. Though all samples show total GGT activity within the reference range, the isoenzyme pattern is not constant. Three isoenzyme bands are visible in samples 1-4, with the intermediate band the most prominent in serum 4. In serum 5, only two bands are visible, with the anodic the most intense.
isoenzyme bands. The between-batch (n = 14) coefficient of variation (CV) was 4· 2 % for the more anodal band of the first serum (mean activity 23·8 UII) and 4'8% for the more cathodal band (mean activity 21· 2 U Il). For the second serum, the CV of the more anodal band was 1· 5 % (mean activity 61·4 UII) and for the more cathodal band the CV was 2·3% (mean activity 38'6 U/I).
The procedure was found to be capable of clearly demonstrating isoenzymes in samples with GGT activity less than 5 UII at 30°C, a sensitivity greater than that of methods hitherto reported. This sensitivity, the non-carcinogenicity of the substrate, and the convenience of the procedure render it especially suitable for the wider investigation of the diagnostic role of GGT isoenzyme determination. The results of such an investigation in patients with liver disease will be the subject of a subsequent communication.
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